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HIGH TEMPERATURE RECHARGEABLE 
MOLTEN SALT CELL 

GOVERNMENT INTEREST 

The invention described herein may be manufac 
tured, used; and licensed by or for the Government for 
governmental purposes without the payment to us of 
any royalty thereon. - 

FIELD OF THE INVENTION 

This invention relates in general to a high tempera 
ture rechargeable molten salt cell and in particular to 
such a cell using a ternary metal sul?de as the cathode 
active material. 

BACKGROUND OF THE INVENTION 

High temperature rechargeable molten salt cells are 
required for electric propulsion, load leveling and pulse 
power applications. Amongst the many molten salt 
battery systems that have been studied over the past 
many years, the lithium alloy/metal sul?de cell has 
shown considerable promise for these applications. 
Heretofore these'cells have used a lithium alloy (LiAl), 
as the anode, an electrolyte of lithium halide-alkali hal 
ide mixture (LiCl-KCleutectic) and a cathode having as 
the cathode active material a binary metal sul?de of the 
general formula YS or YSZ where Y=Fe, Co, or Ni. 
Recently, a new series of ternary metal sul?des having 
the general formula XYSZ where X=Ba or Ca and 
Y=Fe, Co or Ni have been synthesised. The ternary 
metal sul?des are thermally stable to temperatures of 
about 800° C. 

SUMMARY OF THE INVENTION 

The general object of this invention is to provide a 
high temperature molten salt cell where the active cath 
ode material is thermallystable at high temperatures 
and also provides high speci?c energy densities and 
speci?c power densities for use in pulse power, electric 
propulsion and load levelling applications. 

It has now been found that the aforementioned objec 
tives can be attained by providing a molten salt electro 
chemical cell where the vactive cathodic materials are 
ternary metal sul?des as for example BaNiSZ, BaFeSZ, 
and BaCoSz and substituted compounds pounds having 
the compositions XYS; where X can be Be, Mg, Ca, Sr, 
Ba, or Ra and Y can be Fe, Co, or Ni. Use of these 
materials as cathodes in an electrochemical cell — con 
taining a Li-Al alloy anode and a molten LiCl-KCl 
eutectic electrolyte —- has been demonstrated to deliver 
speci?c energy densities of about 250 Wh/kg at a cur 
rent density of 10 mA/cm2 for full discharge to 1.0 V 
and speci?c power densities of about 30 KW/kg at a 
current density of l A/cm2 based on the weight of Ba 
NiSZ. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The electrochemical cell described herein uses a lithi 
um-aluminum (48 atomic percent Li) alloy as the anode, 
a eutectic mixture of lithium chloride (59 mole percent) 
and potassium chloride (41 mole percent) with a melt 
ing point of 352° C. as the electrolyte, and barium nickel 
sul?de (138N182) as the cathode active material. The 
electrochemical cell included a three pellet stack of 
anode, separator, and cathode. An anode pellet in 
cluded 0.5 gram (LiAl) pressed in a l inch diameter die 
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to 4000 pounds, and a cathode pellet including 0.3 gram 
(85 weight percent BaNiSz and 15 weight percent LiCl 
KCl) pressed in a & inch diameter die to 4000 pounds. 
The pellets are stacked in a 1} inch diameter boron ni 
tride bushing to guard against edge shorting. The 
stacked pellet cell is held in compression through the 
use of a high temperature stainless steel spring assembly 
with amoIybdenum disk at the anode side and a graph 
ite disk'at the cathode side to act as current collectors. 
The spring loaded cell assembly is placed in a pyrex 
vessel that enables the cell to be operated over an (anhy 
drous) ?owing argon atmosphere. Feedthrough con 
nections through the top of the pyrex vessel provide 
electrical connection to the positive and negative termi 
nals of the cell. 

DESCRIPTION OF THE DRAWING 

FIG. 1 shows a typical cycle for the LiAl/BaNiS; 
cell where the cell demonstrates excellent cycling per 
formance when operated at 400° C. for a charging rate 
‘of SmA/cm2 and a discharge rate of 10 mA/cmz. In 
FIG. 1, the ordinate is cell voltage, V, and the abscissa 
is capacity, mAh. ' 

FIG. 2 shows the energy density based on BaNiSz as 
a function of discharge cycle number for a cell cycled 
between 1.75 V and 1.0 V for the ?rst 4 cycles then 
between 1.85 V and 1.0 V for cycles 5 through 19. In 
FIG. 2, the ordinate is energy density, Wh/kg and the 
abscissa is discharge cycle number. Referring to FIG. 1, 
based on the following electrochemical cell reaction: 

BaNiSZ +2LiA l->Li2S + Ni + BaS + 2A1 

the observed cathode utilization at a discharge rate of 
10 mA/cm2 is found to be 94 percent (1.88 F/mol) at an 
average cell potential of 1.38 V. This corresponds to an 
energy density based solely on BaNiSz of 256 wh/kg. 
This electrochemical performance is comparable to that 
observed with the binary transition metal sul?des, that 
is, FeSz, N15; or C082. 

Referring to FIG. 2, no signi?cant loss of cell capac 
ity or performance is observed over these cycling con 
ditions. In addition, the ternary metal sul?des are found 
to possess excellent thermal stability to temperatures 
above 800° C. Thermal weight loss measurements per 
formed using a Perkin-Elmer model TGS-Z thermo 
gravimetric analyzer under an argon atmosphere show 
that BaNiSz is thermally stable to nearly 850' C. 
Other ternary metal sul?des having the general for 

mula XYS; where X=Be, Mg, Ca, Sr, Ba, or Ra and 
Y=Fe, Co, or Ni may be substituted for BaNiSz as the 
active cathode material in the above mentioned electro 
chemical molten salt cell. 
As the anode of the high temperature molten salt 

electrochemical cell, one might use Li, LiAl, Na, K, 
Ca, Mg or any alkali metal or group II A element, or 
alloy or composite mixture of such thereof. 
The separator material of the high temperature re 

chargeable molten salt cell may be MgO, Y203, ZrOz, 
including other such electrically insulative materials, or 
-alumina, or other such ionically conductive separator 
materials. The separation between the anode and cath 
ode may be provided by a 65 weight percent molten salt 
electrolyte including any alkali or alkaline earth chlo 
ride, ?uoride, bromide, iodide or mixture thereof with 
35 weight percent of a separator material as aforemen 
tioned. 
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We wish it to be understood that we do not desire to 
be limited to the exact details of construction shown and 
described for obvious modi?cations will occur _to a 
person skilled in the art. 
What is claimed is: 
1. A high temperature rechargeable molten salt cell 

comprising a member of the group consisting of lithium, 
lithium aluminum alloy, lithium silicon alloy, sodium, 
potassium, calcium, magnesium, an alkali metal, a group 
II A element, a group II A alloy and composite mix 
tures thereof, as the anode, a chemical compound of the 
‘composition XYSzwherein X is an element selected 
from the group consisting of Be, Mg, Ca, Sr, Ba and Ra ' 
and Y is an element selected from the group consisting 
of Fe, Co, and Ni as the cathode active material and a 
member of the group consisting of a molten salt, and a 
eutectic ‘mixture of metal halides, carbonates, nitrates 
and oxalates as the electrolyte. I 

2. A high temperature rechargeable molten salt cell 
according to claim 1 wherein a lithium-aluminum (48 
atomic percent lithium) alloy is the anode, a eutectic 
mixture of lithium chloride (59 mole percent) and potas 
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4 
sium chloride (41 mole percent) with a melting point of 
352° C. is the electrolyte, and a compound selected 
from the group consisting of BaNiS2, BaFeS; and Ba 
CoS2 is the cathode active material. 

3. A high temperature rechargeable molten salt cell 
according to claim 2 wherein the cathode active mate 
rial is BaNiSZ. 

4. A high temperature rechargeable molten salt cell 
according to claim 2 wherein the cathode active mate 
rial is BaFeSZ. 

5. A high temperature rechargeable moltensalt cell 
according to claim 2 wherein the cathode active mate 
rial is BaCoSg. 

6. A high temperaturerechargeable molten salt cell 
including a cathode of about 80 to 90 weight percent of 
BaNiSz and about 20 to 10 weight percent of LiCl-KCl 
eutectic electrolyte, a separator of about 65 weight 
percent LiCl-KCl eutectic electrolyte and 35 weight 
percent MgO, and an anode of LiAl alloy of about 48 
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